Background: Noise, or undesirable sound, is one of the most common environmental stressors, and it can cause various health effects. Beyond the auditory consequences of occupational noise exposure, extra-auditory effects such as psychological problems have also been found. The aim of the current study is to elucidate the association between occupational noise annoyance and psychological symptoms, including symptoms of depression and suicidal ideation.
Introduction
At its most basic, sound consists of physiological signals in the auditory system, enabling humans to communicate with both one another and the environment. However, external noise or undesirable sound is one of the most common environmental stressors, and it can result in various health consequences [1] . For example, noise-induced hearing impairment is a well-known occupational health hazard worldwide. Additionally, noise exposure is related to non-auditory effects [2] , including annoyance, headache, sleep disturbance, and impaired cognitive development in children. Furthermore, acute noise exposure can cause vasoconstriction, and chronic noise exposure is related to hypertension and cardiovascular diseases [3] .
The West London Survey [4] assessed 6,000 households on negative health effects related to living near a large London airport. The study revealed that high aircraft noise resulted in both acute and chronic irritability and depressive symptoms in local residents [4] . Following this discovery, additional research has suggested an association between noise exposure and mental health [5] . For example, a study from Japan identified a significant relationship between noise exposure and scores on a mental health assessment, including nervousness and depressive symptoms, with rates of mental illness increasing according to noise level [6] . This association remained significant even after adjusting for age, gender, marital status, housing type, and length of residence in the high exposure area [6] . However, another investigation that adjusted for socio-demographic variables did not find an association between aircraft noise and psychiatric hospital admission rates [7] . Additionally, the Caerphilly Study, based on prospective research, also found no association between mental disorder and traffic noise after controlling for socio-demographic factors [8] . These findings instead suggest that noisy settings reflect low socio-demographic environments, which themselves are linked to poor mental health. Thus, controversies exist as to whether noise exposure itself is related to mental illness after controlling for environmental and socio-demographic variables, such as income level and occupation. Furthermore, an epidemiology study on the topic did not include gender in a stratified analysis, despite the fact that there is a known association between gender and mental illness.
Generally, noise exposure in an occupational setting is more severe than in the general environment [9] , and numerous reports exist on work-related hearing loss [10] . For example, almost one third of workers in Europe reported that, because the nose exposure was too loud, they would have to raise their voices to keep a conversation [9, 11] . 30-50% of workers in Asia are exposed to noise above 90 dB [12] , which is loud enough to cause occupational stress. This type of occupational noise exposure has also been linked to a high risk of death from injury [13] , suggesting that high noise exposure may reduce attention in the workplace, which can lead to injury. Additionally, severe stress is known to cause psychological problems, but studies on the effects of noise on psychological symptoms are often ignored in an occupational setting.
Our study aims to examine the association between noise exposure and psychological symptoms, including depressive symptoms and suicidal ideation, in an active working population. To clarify this association, data from a national representative survey, the Korea National Health and Nutrition Examination Survey (KNHANES), were assessed, adjusting for socio-demographic characteristics and stratified for gender.
Methods

Ethics statement
Participants provided written informed consent confirming their voluntary participation. All individual identifying records were anonymized prior to analysis. 
Fourth Korean National Health and Nutrition Examination Survey (KNHANES)
The KCDC conducted the fourth KNHANES from 2007 to 2009 [14] , enrolling 13,800 households using stratified, multistage, probability sampling methods, based on 600 geographical population areas of Korea. Of the 10,067 economically active participants in the fourth KNHANES, 33 participants were excluded due to missing data on the noise exposure questionnaire, and 14 participants were excluded for missing data on depressive symptoms and suicidal ideation. Thus, data from 10,020 participants (5,410 in men, 4,610 in women) were used in the current analysis.
Annoyance from occupational noise exposure (occupational noise annoyance) and occupation Assessment of noise exposure in an occupational setting and personal perceptions of its effects were obtained from self-report questionnaires. Question for occupational noise exposure was ''Are you exposed to noise loud enough that you would raise your voices to keep a conversation during work?'' [9, 11] , and who have answered yes to this question were asked to answer following question for personal perception of noise exposure. The answer to this question had three choices: No perception of occupational noise, perception of occupational noise without severe problems, and perception of occupational noise with severe problems. Hence, occupational noise annoyance was categorized as ''none annoyance'', ''mild annoyance'' and ''severe annoyance'', respectively.
Occupation type was categorized as white-, pink-, and bluecollar workers using a self-report questionnaire. White-collar workers included managers, senior officials, professionals, clerks, and skilled traders. Pink-collar workers were sales and customer service workers. Blue-collar workers included agriculture, fishery, forestry, crafts, and related trades, plant and machine operators, and elementary workers.
Depressive symptoms and suicidal ideation
A separate set of questionnaires assessed workers for the presence of depressive symptoms and suicidal ideation during the past year. For depressive symptoms, we asked, ''During the past year, have you felt feelings of sadness or hopelessness that persisted for at least two weeks and that disrupted your social life?'' The questionnaire for suicidal ideation asked, ''During the past year, have you ever felt that you were willing to die?'' There were four possible options for each questionnaire (never, rarely, yes, and always), with yes and always being categorized as symptoms of depression and suicidal ideation. Psychological symptoms workers were defined as when a worker has at least one of the two psychological symptoms of depressive symptoms or suicidal ideation.
Individual and household income and lifestyle factors
Income level was calculated using standardized methods of classifications by five-year age increments and gender compared with Korean standard income levels. Total family income was adjusted for the number of family members and was used to calculate quartile levels of household income. Hence, house hold income was categorized as low, middle-low, middle-high, and high income.
Smoking history was categorized as non-, former and current smokers. In the current study, ''non-smokers'' were defined as individuals who had smoked less than 100 cigarettes in their lifetime. Two or more occasions of drinking per week with seven or more glasses of alcohol in men, and two or more occasions drinking per week with five or more glasses of alcohol in women were defined as heavy alcohol drinking.
Statistical analysis
Chi-squared tests and t-tests were used to compare group differences based on the presence of psychological symptoms. The odds ratios (ORs) and 95% confidence intervals (95% CIs) for psychological symptoms were estimated using a multivariate logistic regression model. Two-tailed p-values less than 0.05 were considered statistically significant.
Results
Socio-demographic characteristics according to psychological symptoms
Results for depressive symptoms and suicidal ideation are presented in Tables 1 and 2 , respectively. The average age of suicidal ideation group in men, both the depressive symptom and the suicidal ideation group in women were significantly higher than that of non-symptomatic individuals. In regards to sleep, there were significantly higher rates of psychological symptoms in those who slept for five hours or less (depressive symptoms: men = 14.4%, women = 25.1%; suicidal ideation: men = 15.3%, women = 29.6%) than in those who got six or more hours of sleep (all p-values below 0.05). Low education was also associated with higher rates of psychological symptoms in both genders. For depression, those with education levels equal to or below primary school had rates of 13.2% and 86.8% for men and women, respectively, while those with university or above were 7.3% and 14.2%, respectively (all p-values under 0.05). Similar patterns emerged for education level and suicidal ideation. Blue-collar workers showed a higher proportion of depressive symptoms in women and higher suicidal ideation in both genders than the other types of workers (depressive symptoms: blue-collar women = 20.4%, white-collar women = 14.3%, p,0.01; suicidal ideation: blue-collar men = 11.5%, blue-collar women = 24.5%; white-collar men = 6.9%, white-collar women = 13.8%, all p-values under 0.05). Household income was also inversely related to both psychological conditions; the proportion of depressive symptoms in the low income group were 13.3% and 24.1% for men and women, respectively, while those in the high income group were 7.6% and 15.2%, respectively (all p values were below 0.05). Similarly, the proportion of suicidal ideation was higher in the low income group, with rates of 15.3% and 29.2% for men and women, respectively, compared with 7.2% and 13.3% in the high income group. In terms of lifestyle factors, female current smokers had higher rates of depressive symptom than non-smokers (23.2% vs. 17.7%, p = 0.023). The proportion of suicidal ideation in current smokers was also higher than in non-smokers in both sexes (current smoker vs. non-smoker: 10.8% vs. 9.1% in men, In terms of noise level perceptions, rates of depressive symptoms were 8.5% and 17.0% for those who reported no annoyance, 10.3% and 20.7 at mild annoyance, and 13.8% and 23.9% with severe annoyance for men and women, respectively (p = 0.001 in men, 0.002 in women). Similarly, the proportion of suicidal ideation increased according to the severity of noise annoyance (none, mild, and severe annoyance: 9.1%, 9.9%, and 14.7% in men, p = 0.001; 19.3%, 23.0%, and 24.9% in women, p = 0.008).
Odds ratios for depressive symptoms or suicidal ideation by noise annoyance (Table 3, 
4)
Compared with the no noise annoyance group, ORs (95% CI) of the severe annoyance groups for depressive symptoms and suicidal ideation were 1.58 (1.12-2.23) and 1.76 (1.29-2.40) in men and 1.49 (1.05-2.11) and 1.41 (1.01-1.97) in women (model III), respectively, after adjusting for age, BMI, sleep time, education, occupation, household income, smoking habits, and alcohol.
In that model, all ORs (95% CI) for depressive symptoms and suicidal ideation in sleep duration less than or equal to five hours were 1.77 (1.32-2.33) and 1.76 (1.29-2.40) in men and 1.52 (1.21-1.92) and 1.41 (1.01-1.97) in women, respectively. Table 3 . Odds ratio of depressive symptoms in a multivariate logistic regression models. Psychological symptoms (depressive symptoms or suicidal ideation) by occupational noise annoyance and sleep duration
In multivariate regression analyses controlling for age, BMI, sleep duration, education, occupation, household income, smoking habits, and alcohol use, the ORs (95% CIs) for psychological symptoms (depressive symptoms or suicidal ideation) at severe annoyance were 2.18 (1.40-3.41) in men and 1.91 (1.27-2.86) in women ( Figure 1) .
The interaction between sleep time and noise exposure was also calculated. In those with greater than five hours of sleep, the ORs (95% CI) of the severe noise annoyance compared with the no noise annoyance group were 1.80 (1.28-2.51) in men and 1.43 (0.98-2.07) in women. In both genders, the greatest ORs were observed in the severe noise annoyance group with less than five hours of sleep, with ORs (95% CI) of 2.95 (1.46-5.96) and 2.05 (1.01-4.16) times higher compared with the no noise annoyance with greater than five hours of sleep (Figure 2 ). There was no interaction effect of noise annoyance and sleep duration on psychological symptoms in the current study (p = 0.973 in men, 0.372 in women).
Discussion
Our large, cross-sectional, nationwide study reported an important link between occupational noise annoyance and psychological symptoms, including depression and suicidal ideation. Those associations were not attenuated by adjusting for individual characteristics such as age, BMI, smoking habits, and alcohol drinking, as well as socio-demographic characteristics including education, occupation, and household income, even with gender stratification.
The current study has several limitations. First, because of the nature of cross-sectional studies, the direction of causality of occupational noise annoyance on psychological symptoms cannot be determined. Furthermore, depressive symptoms affect the individual appraisal of the noise exposure situation, and worker who have psychological problem could experience greater annoyance from noise exposure compare to healthy workers. This current relationship could be might due to this difference in perception. Although the results of our study are supported by the potential biological explanation of the impact of noise on the arousal system, prospective studies are needed to elucidate the causal relationship. Additionally, there was no information regarding actual sound level in terms of noise frequency and decibel level. However, as discussed above, the annoyance related to occupational noise could still serve as a simple but important measure when screening for health consequences from noise exposure.
Noise can be defined as undesirable sound [1] . Both the absolute level of sound and personal perception of noise levels are important factors that can affect human health [15] . As such, noise annoyance scales (ranging from ''not at all'' to ''extremely'') are recommended by the International Commission on the Biological Effects of Noise [16] . In the current study, an assessment of noise exposure and its subjective effects (none annoyance, mild annoyance, and severe annoyance) were assigned by researchers using workers' self-report questionnaire. Although we have no information on absolute noise exposure, the subjective level of noise annoyance captured by the current questionnaire is an important means for assessing the consequence of occupational noise on mental health, particularly as this measure was significantly related to psychological symptoms including depressive symptoms and suicidal ideation.
Some studies have suggested that sustained central autonomic arousal due to chronic noise exposure might be an important risk factor for psychological disorder [17] . For instance, dopamine, an essential neurotransmitter implicated in arousal and attention [18] , has been shown to be disrupted upon exposure to noise [19] . Furthermore, dopamine has been linked to the pathophysiology of depression [20] ; hence, there is a biological possibility that chronic noise exposure results in psychological abnormalities by disrupting the normal processes of arousal and the dopamine pathway. Hence, our current results are potentially supported by this biological mechanism.
Depressive symptoms and suicidal ideation are important risk factors for suicide attempts. For example, depressive symptoms persisting for more than two weeks is an essential component in the diagnosis of major depressive disorder according to both the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) and the International Statistical Classification of Diseases and Related Health Problems (ICD-10) [21] . Additionally, attempted suicide is a key aspect of clinical emergency psychiatry [22] . Furthermore, the presence of suicidal ideation sharply increases the risk of a suicide attempt compared with non-suicidal ideation situations [23] . Hence, although the two questions in the current study did not cover all psychiatric diagnoses, our results suggest that these simple measures may be important psychological screening tools related to the health consequences of noise exposure.
A potential biological link has been suggested between noise exposure and poor quality of sleep [10] . In the current study, we were unable to assess sleep quality because lack of information; however, we did include sleep duration as a risk factor for psychological symptoms, with a sleep time of less than or equal to five hours related to psychological symptoms. However, there was no interaction between the effect of occupational noise annoyance and sleep duration on psychological symptoms. Hence, regardless of sleep time, our results suggest that noise exposure is an important and independent risk factor for psychological symptoms.
Previous studies have also reported that noise exposure and noise annoyance are linked to psychological symptoms [5, 6] . However, other investigations have shown that the association between noise exposure and psychological symptoms are not independent of socio-demographic factors [7, 8] . This might be due to the complex association between psychological abnormalities and socio-demographic characteristics [24] . Conversely, this lack of evidence might be related to the small sample size of the previous studies. However, our large cross sectional study showed that these associations were not affected after adjusting for individual and socio-demographic characteristics even with gender stratification. Moreover, these associations remained significant after stratification by sleep duration.
In general, there are gender differences associated with psychological symptoms and risk factors. For example, income level has a significant inverse relationship to suicidality in women but not in men [25, 26] . However, there were no gender differences in effect of income on psychological symptoms in the current study, and overall, there were no significant gender difference between occupational noise annoyance and psychological symptoms. This may be due to our study design, which only included currently employed individuals, thus tapping into the ''healthy worker effect''.
In conclusion, our large, cross-sectional, nationwide study showed that occupational noise annoyance significantly related to mental health, including depressive symptoms and suicidal ideation. This link remained significant even after controlling for individual and socio-demographic characteristics even with gender stratification. However, prospective studies with quantified noise exposure assessment are needed to overcome our limitation of cross sectional design, and to elucidate the causality on the association between noise annoyance and psychological symptoms. To prevent both auditory effects and more general health consequences, such as psychological symptoms, from noise exposure, regulation strategies for occupational noise exposure are needed.
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